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Abstract 
We consider an e-business retailer who has a dual-channel supply network with a fulfilling center and multi-supplier.  To satisfy the order of 
one product, the retailer can deliver the products from either the fulfilling center or the manufacturer who produces the product, depending on 
the geographic location of the customers and product availability.  The problem is to determine the optimal order quantities in both retailer’s 
fulfilling center and the supplier’s warehouse. The models for both deterministic and stochastic demands are developed. Numerical examples 
are presented for the deterministic case. 
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1. Introduction 
An e-business can lower inventory levels and inventory 
cost by improving supply chain coordination. Through 
fulfilling centers, an online shopping retailer aggregates 
inventories far from customers, and usually delivers customer 
orders from one of fulfilling centers. However, due to space 
limit of fulfilling centers, geographic aggregation, and high 
transportation cost, some e-business firms designs their supply 
network that allows suppliers/manufacturers to deliver 
products to customers directly, though the customers make the 
order through the website of the e-business retailer, such as 
Amazon. There are several advantages to ship a product from 
a supplier to customers: reducing transportation cost without 
through fulfilling centers, postponing the introduction of 
product variety, reducing the requirement of center space, and 
so on. However, introducing the option of delivering products 
directly from suppliers increases the complexity of supply 
process: how much inventories should be carried in both 
fulfilling center and manufacturer’s warehouse and which of 
the fulfilling center and the warehouse should delivery the 
products to customer where all orders are made online? Thus 
coordinating the supply process from both fulfilling centers 
and suppliers plays an important role in such online shopping 
environment.  
In this paper, the supply system where a customer order can 
be delivered from either a fulfilling center or a supplier is 
called as dual-channel supply. The concept of “dual-channel 
supply” introduced here is different from that of “dual-channel 
supply chain” since the dual-channel supply chain used in the 
most current literature mainly refers to the supply network 
with both online shopping and classical retailer: two channels 
for the customer ordering process.  
We consider a retailer who provides online shopping 
business and has a dual-channel supply network. The network 
consists of a fulfilling center and a supplier.  A customer 
makes orders online but does not specify the source of the 
delivery. The retailer can deliver the products from either the 
fulfilling center or the manufacturer’s warehouse, depending 
on the geographic location of the customers and product 
availability.  The problem is to determine the order quantities 
in both fulfilling center and the manufacturer’s warehouse.  
In the next section, we provide a brief review on dual-
channel supply chain under e-business environment, and 
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models for product substitution, which provide useful insights 
for the analysis of dual-channel supply chain.  
1.1. Literature Review 
Chiang and Monahan present a two-echelon dual-channel 
inventory model in which stocks are kept in both a 
manufacturer warehouse   and a retail store, and the product is 
available in two supply channels: a traditional retail store and 
an Internet-enabled direct channel. The demand of retail 
customers is met with the on-hand inventory from the retailer 
store while the demand in the Internet-enabled channel is 
fulfilled through direct delivery with the on-hand inventory 
from the manufacturer warehouse. When a stockout occurs in 
either channel, customers will search and shift to the other 
channel with a known probability. A one-for-one inventory 
control policy is applied [1].  
Agatz et al. address supply chain management issues 
specific to Internet fulfillment in a multi-channel environment. 
It provides a systematic overview of managerial planning 
tasks and corresponding quantitative models. They claim they 
cannot find any optimization models that explicitly consider 
delivery service choices in a multi-channel setting, e.g. 
choosing between home delivery and store pick-up [2]. 
Takahashi et al. consider a two-echelon dual-channel 
supply chain model with setup of production and delivery and 
develops a new inventory control policy for the supply chain. 
Once setup costs are introduced, the one-for-one inventory 
control policy is no longer appropriate. Then, they develop a 
new control policy for the two-echelon dual-channel supply 
chain with setup of production and delivery [3]. 
Paterson et al. provide a literature review which categorizes 
the research to date on lateral transshipments, where lateral 
transshipments within an inventory system are defined as 
stock movements between locations of the same echelon. 
Models of many different systems have been considered [4]. 
Chiang investigates the impact of customers’ stock-out 
based substitution on the product availability and the channel 
efficiency of a dual-channel supply chain, which consists of a 
supplier distributing a single product to customers through 
both its wholly owned direct channel and an independent 
retailer [5]. 
Chen examines the dynamic performance of vertically 
decentralized two-echelon channel coordination for 
deteriorating goods.  They present consignment and vendor-
managed inventory contracts with revenue sharing from 
retailer-centric business-to-business transactions in both 
traditional markets and electronic markets [6]. Huang et al. 
study investigates the dynamics between price and lead time 
for an e-retailing system in which one of its commodities is 
offered by two duopolistic suppliers [7].  
Production/channel substitution in dual-channel supply 
chain has attracted considerable attention in the recent years 
[8][9][10].  Nagarajan and Rajagopaln present optimal policies 
and heuristics for the inventory problem with substitutable 
products [11]. The substitution is two-way for the two 
products. Dutta and Chakraborty present an approach for 
solving an inventory model for single-period products with 
maximizing its expected profit in a fuzzy environment, in 
which the retailer has the opportunity for substitution [12]. 
Huang et al. investigate a multi-product competitive newsboy 
problem with shortage penalty cost and partial product 
substitution. Nash equilibrium of the competitive model is 
utilized and an iterative algorithm is developed [13]. Chen et 
al. study considers pricing policies for dual channel supply 
chain. In addition to the manufacturer’s product, the retailer 
sells a substitute product produced by another manufacturer 
[14]. 
   The current dual-channel supply chain mainly focuses on 
how to coordinate supply process to satisfy the demand from 
retailers and online customers. Very few works have been 
done on dual channel delivery under e-business environment. 
This work studies how to coordinate two delivery options 
from either a fulfilling center or a supplier under online 
shopping business environment.   
2. The models  
The customers make the order for one product through the 
website of a retailer who provides e-business. The product can 
be delivered from either a fulfilling center or 
manufacture/supplier’s warehouse. Assume that the order 
from the area close the manufacturer (area 2) is delivered 
directly from the manufacturer’s warehouse and the orders 
from other area (area 1) are satisfied from the fulfilling center. 
In case that a stockout occurs in the fulfilling center, partial 
orders, percentage r, can be delivered from the supplier if the 
product is available at the manufacturer’s warehouse. 
However, if a stockout happens at the supplier, the retailer 
loses the order.  
The problem can be perceived as the inventory level 
decision with one way production substitution. Nagarajan and 
Rajagopaln present optimal policies for the inventory problem 
with two-way substitutable products [11]. We establish the 
model for the dual-channel supply problem with one-way 
substitution as follows. 
Assume the demand in the planning period, D, is known 
but the demand from each area is uncertain. Demand from 
area 1 and area 2 are d1 = p*D and d2 =(1-p)*D, 
respectively, where p is a random variable with a continuous 
distribution function F that has a finite support [0, 1]. D can 
be perceived as the total demand for the product category, and 
p and (1-p) represent the market allocation for fulfilling center 
and the suppler. We let D =1, without loss of generality. A 
fixed proportion r of the orders from area 1 which cannot be 
satisfied from the center due to stockout will be delivered by 
the supplier if it is available at the warehouse. The problem to 
be resolved here for the e-business retailer is what the optimal 
order quantities for both the fulfilling center and the supplier 
warehouse are, respectively, so as the total profit is 
maximized. We assume the total order quantity for the two 
locations is 1, i.e., the same as the total demand.  
 
Notations for the problems: 
Parameters: 
x i = {1, 2}:  i=1 if a location is fulfilling center; 
i=2 if a location is the supplier’s warehouse;  
x s = unit sales revenue  
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x r = a fixed proportion of the orders switching 
from area 1 to area 2 
x ci = the unit product price at location i, the cost 
also includes transportation, and delivering costs  
x p = the random variable of the demand from 
area 1 
x F(p)= a continuous distribution function that has 
a finite support [0, 1] 
x gi = the unit understocking cost in location i 
x oi = the unit overstocking cost in location i 
Decision variable: 
D: the order quantity for fulfilling center, where 
0≤D≤1; then the order quantity for the supplier 
warehouse is 1-D. Note we let the total demand for 
the product from both areas be 1. 
If p≥D, the demand from area 1 is more than the order 
quantity in fulfilling center (the demand from area 2 is less 
than the order quantity in the supplier’s warehouse). In the 
case, the amount of r(p-D)  would be delivered from the 
supplier’s  warehouse if it is available there, and the amount 
of demand (1-r)(p-D) is lost. Then the profit from the center is 
    πc = sD -c1D -g1(1-r)(p-D)                  (1) 
The profit from the warehouse is  
   πw = s(1-p)+ sr(p-D) – c2(1-D) –o2(1-r)(p-D).               (2) 
When p≤D, the demand from area 2 is more than the order 
quantity in the supplier’s warehouse (the demand from area 1 
is less than the order quantity in fulfilling center). In that case, 
the amount of demand (p-D) in the warehouse is lost since the  
fulfilling center cannot deliver the product to the customers in 
the area 2.  Then the profit from the center is 
πc' = sp -c1D-o1(D-p).         (3) 
The profit from the supplier’s warehouse is  
          πw' = s(1- D) – c2(1-D)-g2(D-p).                           (4) 
 The objective of the problem is to maximize the retailer’s 
expected profit and can be formulated as follows: 
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Where f() is the probability density fuction of p. Thus the 
function (6) is concave, and the solution for D from (7) is 
optimal. 
3. Numerical example 
To determine the order quantity, we need the distribution 
information for p.  Here we consider two cases: the uniform 
distribution with [0.6, 0.9] and the normal distribution with 
N(0.75, 0.4). For each case, we design several instances with 
different parameters then calculate the solutions. The optimal 
order quantities are D1 and D2 respectively. The parameters 
data for the product and the results are shown in Table 1.     
Table 1. The order quantities for the fulfilling center 
s c1 c2 r o1 o2 g1 g2 F(D) D1 D2 
10 3 4 0.6 0.5 0.4 0.9 0.7 0.351 0.705 0.597 
10 3 4 0.2 0.5 0.4 0.9 0.7 0.496 0.749 0.746 
10 3 2 0.6 0.5 0.4 0.9 0.7 0.224 0.667 0.446 
10 3 2 0.6 2.0 0.4 0.9 0.7 0.321 0.696 0.564 
10 3 4 0.6 0.5 0.4 3.0 0.7 0.384 0.715 0.632 
10 3 2 0.6 0.5 0.4 0.9 3.0 0.306 0.692 0.547 
 
In Table 1, the instance in the first row is set as a base 
problem. The optimal order quantities for the fulfilling center 
are 0.705 and 0.597 for the uniform and normal distribution 
cases, respectively. In the remaining rows, for each instance 
we change the value of one parameter from the base problem. 
In the second row, the switching proportion r is reduced from 
0.6 to 0.2. The optimal order quantity increases from 0.705 to 
0.749 for uniform distribution case, and from 0.597 to 0.746 
for normal distribution case. In the fourth row, the unit 
holding cost in the center increases from 0.5 to 2.0. Then we 
can see the optimal order quantity decreases from 0.705 to 
0.696 for uniform distribution case, and from 0.597 to 0.564 
for normal distribution case. It means higher inventory cost in 
the center would lead smaller order quantity for the center. 
The data in fifth and sixth rows help us to understand how the 
shortage costs affect the optimal order quantities.   
Fig.1. The order quantity for the center as the switching 
proportion changes. 
 
    Figure 1 shows how order quantity for the fulfilling center 
varies as the proportion of the orders switching from area 1 to 
area 2 changes from 0 to 1. It is noted that the quantity 
decreases as the proportion increases, which indicates we put 
more stock in the supplier’s warehouse when more unsatisfied 
order at the fulfilling center can be delivered from the 
warehouse. When r=0, i.e., it does not allow the switching, 
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the gap between ordering quantities for both uniform and 
normal distribution cases is small. But the gap increases as r 
increases since the range of demand in the uniform case has 
the lower bound of 0.6.   
 
Fig.2. The order quantity for the center as the unit cost in the 
supplier’s warehouse varies. 
 
To observe the impact of the unit price at the warehouse 
(including shopping cost) on the order decision, we vary the 
cost and show the optimal order quantity of the center in 
Figure 2. We can see that the order quantity for the center 
increases when the holding cost increases in the warehouse.  
4. Model with uncertain demand 
In this section, we extend the above the model to the case 
that the online demand D for both areas is uncertain. Then the 
demands from areas 1 and 2 are D1 = p*D and D2 =(1-p)*D, 
respectively, where both p and d are random and not 
correlated. The decision variables Q1, and Q2 are the order 
quantities for the product for the fulfilling center and the 
supplier’s warehouse, respectively. If the customer order from 
area 1 is more than the inventory in the fulfilling center, a 
partial of unsatisfied order,   percentage r, would be derived 
by the supplier’s warehouse.    
Similar to Dutta and Chakraborty [12], there are four 
scenarios about the relationship of the demands and order 
quantities: 
 Case 1.  D1 ≤ Q1, and D2 ≤ Q2: The profit is 
π = s*D1 +s*D2  – c1Q1 – c2Q2 
    – o1(Q1-D1) – o2(Q2-D2).                 (9) 
  Case 2. D1 ≥ Q1, and D2 ≥ Q2: We have 
π = s*Q1 +s*Q2 – c1Q1 – c2Q2 
 – g1(D1 – Q1) – g2(D2– Q2).               (10) 
   Case 3. D1 ≤ Q1, and D2 ≥ Q2: The profit is 
π = s*D1 +s*Q2  – c1Q1– c2Q2 
– o1(Q1-D1) – g2(D2– Q2).              (11)            
  Case 4. D1 ≥  Q1, and D2 ≤ Q2: The profit is 
     π = sQ1 +sD2 – c1Q1 – c2Q2  
      + s*min (r(D1 – Q1 ),   Q2–D2)  
      – g1(D1 – Q1 - min (r(D1 – Q1 ),   Q2-D2) )  
     – o2(Q2-D2 - min (r(D1 – Q1 ),   Q2-D2)).          (12)       
 
The expected total profit of the retailer is  
 π (Q1, Q2) = E[s*min(Q1, D1) – o1(Q1 – D1)+  
             – g1[( D1–Q1)+  – min (r(D1 – Q1 )+,   (Q2-D2)+)] 
            + s* min (r(D1 – Q1 )+,   (Q2-D2)+) 
            + s*min(Q2, D2) – g2( D2 –Q2)+   
        – o2[( Q2 –D2)+  – min (r(D1 – Q1 )+,   (Q2-D2)+)]].  (13) 
 
Given probability density function f1(D1), f2(D2), and joint 
probability density function f(D1, D2), the expect profit can be 
written as follows: 
2211
20 12111222
/)(
20 121
/)(
11111
20 121/)( 2211122
22 1211 111
10 2210 222
220 2
2222222
1 111
1110 111121
2 221
1
2 221
1
2
221
1 2
2
2
1
),())](([
),(]))(1()([
),(])()([
),()(
),()(
)(][
)(])([
)(
)(])([),(
QcQc
dDdDDDfQDrDQo
dDdDDDfQDrgQDsr
dDdDDDfDQQDgDQs
dDdDDDfQDg
dDdDDDfDQo
dDDfsD
dDDfQDgsQ
dDDfsQ
dDDfDQosDQQ
Q rDQQ
Q
Q rDQQ
Q
Q
rDQQ
Q Q
Q Q
Q
Q
Q
Q









 
³ ³
³ ³
³ ³
³ ³
³ ³
³
³
³
³


f

f f
f
f
S
            (14) 
The solution for the problem with the different 
distributions of p and D is to be studied. 
5. Remarks 
We introduce the dual–channel supply coordination 
problem for an e-business retailer who can deliver the 
products from either its fulfilling center or the supplier’s 
warehouse, depending on the customers’ geographic location. 
The order for the fulfilling center can be delivered directly 
from the supplier if the stockout occurs at the center.  We 
present the model to formulate the problem to determine the 
optimal order quintiles with both fixed and uncertain demand, 
while the market allocation for the fulfilling center and the 
suppler is uncertain. The solution for the determined total 
demand case is presented and numerical example is shown. 
The work can be extended from several perspectives. For 
example, a retailer usually provides multiple products. Then 
the coordinating the dual-channel supply for the case would 
be important for increasing the profit and customer service 
level.    
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